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or organ dysfunction, and subjects who smoked tobacco products or took medications that are 48 known to alter glucose metabolism were excluded from the study. All subjects were weight 49 stable (≤2% change in body weight) and had been sedentary (<1 h of exercise per week) for at 50 least 3 months before being enrolled in the study. starting the tracer infusion, insulin was infused at a rate of 40 mU·m 2 body surface area (BSA) -89 1 ·min -1 for 210 min (initiated with a two-step priming dose of 160 mU·m 2 BSA -1 ·min -1 for 5 min 90 followed by 80 mU·m 2 BSA -1 ·min -1 for 5 min). Dextrose (20%), enriched with [6,6-2 H 2 ]glucose to 91 ~2.5% to minimize changes in plasma glucose enrichment 26 , was infused at a variable rate to 92 maintain euglycemia (plasma glucose concentration of 5.6 mM). The infusion rate of [6,6-93 2 H 2 ]glucose was decreased by 75% during the clamp procedure to account for the expected 94 decline in hepatic glucose production. Blood samples were taken every 10 min during the last 95 30 min of the basal period and the clamp procedure to determine plasma glucose TTR and 96 concentration and plasma insulin concentration during basal conditions and insulin infusion. A 97 muscle biopsy from the vastus lateralis was taken at 240 min (i.e., 30 min after starting the 98 insulin infusion) to assess specific cellular factors involved in insulin sensitivity. The tissue was energy requirement (calculated as 1.3 times measured resting energy expenditure); the average per day and ~65% of total daily energy intake as CHO, 20% as fat, and 15% as protein; the LC 110 diet provided 60 g CHO per day and ~10% of daily energy intake as CHO, 75% as fat, and 111 15% as protein.
112
Subjects remained in the GCRC until the second insulin clamp procedure and body 113 composition assessment were completed. All food was provided by the GCRC metabolic 114 kitchen and subjects' food intake was monitored. On the first day of the diet intervention (i.e.,
115
the day of the first clamp procedure), the calorie and CHO contents of the diet were adjusted to 116 account for the glucose calories infused during the clamp procedure. On the third morning in 117 the GCRC, the insulin clamp procedure was repeated after 48 h of consuming either a low-118 calorie HC or low-calorie LC diet. After completing the second insulin clamp procedure, the 119 calorie and CHO contents of the diet were again adjusted to account for the glucose calories 120 infused during the clamp procedure. The following morning (day 4 in the GCRC), IHTG content 121 and body composition were evaluated and subjects were then discharged from the GCRC.
122
All subjects received detailed dietary instructions by a registered dietician and were 123 instructed to follow the HC and LC diet until they lost 7% of their total body weight. Subjects 
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The homeostasis model assessment of insulin resistance (HOMA-IR) was determined by Hepatic Insulin Resistance Index, which is calculated as the product of the basal hepatic glucose production rate (in mol·kg FFM -1 ·min -1 ) and fasting plasma insulin concentration (in tended to increase after ~11 wks (12.1±7.2% increase from baseline in combined groups, 2.9, and 26.2 2.8 IU/L at baseline, 48 h and 11 wks of CR, respectively. (Table 2) . There was a trend toward a 239 greater decrease in both plasma glucose, c-peptide and insulin concentrations in the LC group 240 than the HC group after both short-term and long-term dieting. However, only the decrease in 241 plasma glucose concentration after 48 h of CR and the decrease in plasma insulin concentration 242 after 7% weight loss were significantly different between groups.
243
Homeostasis model assessment of insulin resistance. HOMA-IR improved in both 244 groups after 48 h of CR and did not change further after ~11 wks of dieting (~7% weight loss) 245 (Table 2) . However, the decrease in HOMA-IR was greater in the LC than the AC diet group 246 both after 48 h of CR and 7% weight loss (Table 2) .
247
Hepatic Insulin Sensitivity Index. Hepatic insulin sensitivity increased after 48 h of CR in 248 both the AC and LC groups, but did not improve further after 11 wks of CR (7% weight loss)
249
( Figure 3, top panel) . However, the improvement in hepatic insulin sensitivity was greater in the 250 LC than the AC group, after both 48 h CR and 7% weight loss ( Figure 3A) . There was not a 251 significant correlation between percent changes in IHTG content and HISI value (R 2 =0.083, 
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An energy-deficit diet is the cornerstone of therapy for obesity. However, the most 285 appropriate macronutrient composition of diet therapy needed to improve metabolic health 286 remains controversial. In the present study, we carefully evaluated the longitudinal metabolic 287 effects of short-term (48 h; 2% weight loss) and longer-term (11 wks; 7% weight loss) calorie 288 restriction (1000 kcal/d energy deficit) with either a high-or low-carbohydrate diet in obese,
289
insulin-resistant but non-diabetic adults. Our data demonstrate that short-term CR caused a 290 rapid decrease in IHTG content, increase in hepatic insulin sensitivity, and decrease in 291 endogenous glucose production rate, whereas longer-term CR and moderate 7% weight loss 292 improved skeletal muscle insulin sensitivity, in conjunction with an increase in cellular insulin 293 signaling. In addition, short-term CR with a low-carbohydrate diet caused a greater change in 294 liver fat content and metabolic function than short-term CR with a high-carbohydrate diet. These 295 data underscore the complexity of the metabolic effects of CR with diets that differ in 296 macronutrient composition, and demonstrate temporal differences among organ systems in the 297 adaptive response to CR itself and subsequent weight loss.
298
Our results refute our original hypothesis that a LC diet will cause insulin resistance 299 because of increased adipose tissue lipolytic rates and excessive FFA release into the 300 bloodstream. In fact, we found that LC intake rapidly caused a greater reduction in IHTG content, 301 improvement in hepatic insulin sensitivity, and decrease in endogenous glucose production rate 302 than consumption of an isocaloric low-fat diet. The mechanism responsible for the early 303 beneficial effects on liver metabolism is not known, but is probably related to the greater 304 decrease in plasma insulin concentrations in subjects consuming the low-carbohydrate diet. and hepatic fatty acid oxidation 14 , and decreased hepatic glucose production because of hepatic insulin sensitivity. However, 7% weight loss up-regulated skeletal muscle insulin signaling and 333 increased muscle insulin sensitivity. These data support the notion of a causal link between 334 steatosis and hepatic insulin resistance. The mechanism responsible for the link between IHTG 335 content and hepatic insulin sensitivity is unknown, but could be related to an accumulation of 336 intracellular fatty acid metabolites, which can antagonize the effects of insulin signaling on 337 endogenous glucose production 40
338
Our data provide new insights into the potential mechanism responsible for the marked 339 improvement in glycemic control observed within days after Roux-en-y gastric bypass (RYGP) 340 surgery in obese patients with type 2 diabetes 41 . For example, in one study, 90% of patients 341 were able to discontinue all diabetes medications and maintain normal glycemia at discharge 342 from the hospital 6 days after RYGP surgery, before much weight loss occurred 42 . These 343 observations have led to the hypothesis that diversion of ingested nutrients from the upper 344 gastrointestinal tract has beneficial effects on glucose homeostasis, possibly because of an 345 altered incretin response to meals 43 . However, our results suggest that the rapid decrease in 346 liver fat and improvement in hepatic insulin sensitivity that occur after brief CR can completely 347 explain the early improvement in glucose homeostasis observed after bariatric surgery. Food 348 intake is limited after RYGP surgery, and patients usually consume less than 250 kcal/d for 349 several days after the operation 41 . Therefore, the marked postoperative reduction in calorie 350 intake, itself, likely has profound effects on hepatic fat content and metabolism 40 . Moreover, the 351 decrease in calorie intake makes it is unlikely that diversion of ingested nutrients from the upper 352 gastrointestinal tract has an important effect on glucose metabolism.
353
In summary, the data from this study demonstrate that the effect of moderate calorie 
